amplified by PCR and sequenced. After Restriction map analysis, sequencing and PCR-restriction 12 fragment length polymorphism (RFLP) using HaeIII showed two genotypes (A and B) in isolates 13 from both groups of birds were found, although genotype prevalence differed in each group, genotype 14 A being more prevalent in columbiforms and genotype B in raptors. In addition, genotype B was 15 present in every bird that displayed macroscopic lesions. 16 sampled. In the case of pigeons, 439 samples were taken from wild birds while 173 were obtained 1 from barrier pigeon lofts. Wild birds were captured in the course of a pest control program undertaken 2 by the local authorities using cage traps in public parks located in urban areas. After sampling, the 3 birds were humanely euthanized. Pigeons from lofts were captured in situ and released after sampling. 4
Raptor samples were taken from 48 nestlings and 54 adult birds. Sixteen samples from 15 to 25-day-5 old Bonelli's eagle chicks and 23 from 15-day-old European kestrel (Falco tinnunculus) chicks were 6 taken directly from the nest. The other samples taken from chicks and adult birds were obtained from 7 local Wildlife Recovery Centres (Table 1) . 8 9 Sampling and parasite culture. Oral swabs were taken from the oral cavity, placed in 10 Tryptone/Yeast extract/Maltose (TYM) medium supplemented with 10% fetal calf serum (Sigma 11 Chemical Co., St. Louis, MO) and incubated at 37 ºC (Diamond, 1957). Cultures were observed over 12 three consecutive days to check the growth of parasites. Positive samples were frozen at -80ºC in 13 TYM medium containing 5% of dimethyl sulfoxide. Necropsies were carried out on euthanized or 14 dead birds to determine if macroscopic lesions were present. 15
16
Isolation of genomic DNA. DNA was obtained from 1 ml of medium with parasites in an 17 exponential growing phase, using a commercial DNA extraction kit (DNeasy Tissue extraction kit, 18 QIAGEN, Valencia, CA, USA). Parasites were recovered by centrifugation at 350 x g 5 min. 19
Supernatant was discarded and the sediment was washed three times with PBS. After the washes, the 20 pellet was processed in accordance with the manufacturer's instructions. Final products were eluted in 21 100 µl of elution buffer and stored at 4 ºC until used. 22
PCR amplification of the ITS1/5.8S rRNA/ITS2. PCR reactions were carried out following the 24 method used by Felleisen (1997) and using TFR 1 (5'-TGCTTCAGCTCAGCGGGTCTTCC3') and 25 F o r P e e r R e v i e w O n l y 7 TFR 2 (5'-CGGTAGGTGAACCTGCCGTTGG-3') oligonucleotides. A final volume of 50 µl was 1 used in each reaction containing: 5 µl of 10x buffer, 1.5 mM MgCl 2 , 2 mM dNTP, 2 µM of each 2 primer, 2.5 IU of AmpliTaq Gold polymerase (PE Applied Biosystems, Foster City, CA, USA) and 5 3 µl of DNA sample. PCR was performed using the following temperature profile: initial denaturation 4 at 94 ºC for 9 min, followed by 40 cycles of denaturation at 94 ºC for 30 sec., annealing at 66 ºC for 5 30 sec., extension at 72 ºC for 30 sec. and a final extension step at 72 ºC for 15 min. Ten µl of the 6 final product were loaded into 2% agarose gel stained with ethidium bromide and observed under UV 7 light. 8 9 Sequence analysis of the ITS1/5.8S rRNA/ITS2 region. Twenty-five PCR products obtained from 10 pigeons and nine obtained from birds of prey were randomly selected and sequenced in the facilities 11 of "Sistemas Genómicos, S.A." (Paterna, Valencia, Spain) using ABI PRISM BigDye Terminator 12
Cycle Sequencing kit. The PCR products had previously been purified using a commercial kit 13 (Minielute Purification kit, QIAGEN, Valencia, CA, USA). Sequencing reactions were carried out in 14 an automatic sequencer 3730xl DNA Analyzer. Chromatograms of each sample in both directions 15 were manually checked and edited using BioEdit 7.0.9.0. software available at 16 http://www.mbio.ncsu.edu/BioEdit/bioedit.html (Hall, 1999) bird with macroscopic lesions in the oral cavity was found (0.2%). Annual variations were observed 3 in prevalence, which ranged from 35.3% in period 3 to 57.1% in period 4, showing significant 4 differences between periods (Table 2) . 5 6 Prevalence of T. gallinae in birds of prey. At the end of the study T. gallinae was found in 6 out of 7 the 15 species analysed. The parasite was isolated in 20 out of 102 samples, giving an overall 8 prevalence of 19.6%. The endangered Bonelli's eagle was the species that displayed the highest 9 prevalence value (52.4%) ( Table 1) . With regard to the presence of lesions, T. gallinae was 10 responsible for oral and pharyngeal granulome in 5 out of 20 infected birds (25%). Four of the birds, 11
3 European kestrels and a barn owl (Tyto alba), displayed serious lesions and emaciation, dying 12 shortly after they were examined. These are the first cases of trichomonosis, to the authors' 13 knowledge, described in both species in the wild in Spain. Although the nestlings analyzed displayed 14 higher percentages of parasitization (27.1%) than adult birds (13%), age did not appear to be a 15 significant risk factor for the birds infected by the parasite ( age or bird species could explain these differences in prevalence between the studies. Seasonal 6 variation was observed in this as well as in other studies. Although outbreaks can occur at any time of 7 the year, most authors agree that spring and summer are ideal for transmission, since they coincide 8 with the highest reproduction rate of pigeons (Vogel et al., 1994; Gerhold et al., 2007) . The 9 prevalence in the barrier lofts was 52.7%, significantly higher than that found in wild birds (41%). (1.9%) in the pink pigeon from Mauritius. This could be explained by the fact that it is usually 4 difficult to find very sick birds because they tend to hide or attract predators. In addition, the carcasses 5 of birds that have died from disease are rapidly eradicated by other carrion feeders, which would 6 make them impossible to detect (Peterson et al., 2000) . The percentage of birds of prey showing 7 clinical signs was 25%, but we must remember that most of the birds were sampled in Wildlife 8
Recovery Centres, where the probability of finding sick birds is higher. 9
10
According to other studies, Ribosomal RNA genes are attractive markers for phylogenetic studies. 11
The level of divergence observed in ITS regions is a useful marker to study relationships of closely 12 related species, including Trichomonadidae protozoa (Felleisen, 1997). A difficulty arises from the 13 existence of polymorphisms among repeat units even in a single individual (Vogler and DeSalle, 14 1994 ). Some authors have used a cloning approach to solve this situation in protozoa from birds, but 15 after cloning and sequencing PCR products, a high homogeneity was observed among the Histomonas 16 meleagridis isolates obtained from the same flocks (Harold et al, 2006 ). According to some authors, 17 homogenization of ITS repeats is likely to occur after a few generations in individuals lacking sexual 18 reproduction (Vogler and DeSalle, 1994) . This situation could explain the fact that in our case, clean 19 sequences were obtained and only two patterns were observed when using a direct sequencing 20 approach. Only one sequence showed a heterogeneous (mixed) pattern, further confirmed by HaeIII 21 digestion. This direct sequencing approach has also been successfully used by other authors working 22 on T. gallinae obtaining a more variable scenario and seems to be a useful tool (Gerhold et al., 23 2008a) . 24 Trichomonas sp. from the oral cavity of birds (Gerhold et al., 2008a) , and the closest species, such as 7
T. vaginalis and T. tenax. We have observed differences in the prevalence of genotypes between 8 pigeons and raptor species, since genotype A was more prevalent in the samples of T. gallinae 9 obtained from pigeons (76.1%) than from raptors (20.5%), whereas genotype B was more prevalent in 10 raptors (64.3%) than in pigeons (35.7%). These differences in prevalence could be a consequence of 11 the parasite's adaptation to its host. 
